Introduction: This study aims to assess whether cryosurgery is a feasible local therapy for
INTRODUCTION
At present, androgen deprivation therapy (ADT) is the major treatment for patients with metastatic prostate cancer (mPCa).
(1) However, without local treatment of the primary tumours, many patients will experience local complications due to locally progressing prostate cancer (PCa). (2, 3) Previous studies have suggested that patients with mPCa would benefit from local treatment of the primary tumour. (4) Heidenreich et al proved that cytoreductive radical prostatectomy (RP) reduces the risk of locally recurrent prostate cancer and local complications, and is feasible in well-selected men with mPCa. (3) Rusthoven et al found that men with mPCa who received both prostate radiation therapy and ADT lived substantially longer than men treated only with ADT. (5) External beam radiation therapy (EBRT) and RP used to serve as local treatments of primary tumours in mPCa. (2) There is growing interest in the role of local treatments, including RT and EBRT, for men with mPCa. However, limited data is available on the outcomes of cryosurgery for mPCa and the role of cryosurgery in mPCa treatment remains undetermined.
Cryosurgery is well tolerated due to less blood loss and minimal invasion. (6) It is a reasonable alternative treatment for localised prostate cancer in patients who are not candidates for standard therapy such as prostatectomy or radiotherapy. (7) However, available short-term data has not proven that cryosurgery leads to equivalent oncological outcomes compared with RP or EBRT, and no reliable long-term comparative data is available. Currently, cryosurgery serves as an individual option for mPCa in a few centres. In this study, we retrospectively analysed the clinical data of 46 patients with bone metastatic prostate cancer (bmPCa). Half of the patients were treated with local cryosurgery and adjuvant ADT, while the half with only ADT. We compared the prostate specific antigen (PSA) nadir level, time to PSA nadir, time to castration resistance, progression-free survival and therapy response of bone metastases between the two groups, and hypothesised that patients with mPCa might benefit from local therapy with cryosurgery.
METHODS
This retrospective study assessed the feasibility of cryosurgery for bmPCa and was approved by the hospital ethics committee. A total of 46 patients with bmPCa were recruited for the present study. (1, 8) Bone metastasis was graded according to the extent of disease on bone imaging (9) and categorised into five grades: 0: normal or abnormal due to benign bone disease; I: < 6 bony metastases, each of which is less than 50% the size of a vertebral body; II: 6-20 bone metastases, the size of which is similar to Grade I lesion; III: > 20 bone metastases, but less than a super scan; and IV: super scan or its equivalent, i.e. metastases > 75% of ribs, vertebrae and pelvic bones. The criteria for response were those formulated by the National Prostatic Cancer Treatment Group. (10, 11) Time to PSA nadir was defined as the time from initiation of ADT to the time the lowest PSA level was first observed after ADT. Time to CRPC was defined as the time from the initiation of ADT until confirmed biochemical progression in the presence of castrate serum testosterone levels (< 50 ng/dL). Biochemical progression was defined as an increase in PSA level to 0.2 ng/mL as validated by two consecutive increases at two-week intervals, if PSA decreased to undetectable serum levels. If the PSA was still detectable, biochemical progression was defined as two consecutive increases above the first PSA, one week apart, resulting in two 50% increases over the nadir. Clinical progression was defined as the onset of new symptoms due to local progression, or lymphonodular or systemic metastases.
Progression-free survival (PFS) was defined as the time from the initiation of ADT to the first evidence of biochemical or clinical progression.
The characteristics of patients in both groups were summarised through descriptive statistics and exploratory data analysis. Chi-square test was used in enumeration data, and independent samples t-test was used to assess the mean between-group differences in continuous variables. The Wilcoxon rank-sum test was used in ranked variables. Time to PSA nadir, time to castration resistance and PFS were compared using log-rank test after KaplanMeier analysis. All the determinations of p-value were two-sided at a significance level of 0.05.
Analyses were performed with SPSS version 11.0.1 for Windows (SPSS Inc, Chicago, IL, USA).
RESULTS
Baseline patient characteristics are shown in Table I . No significant differences in baseline characteristics were observed between the patients in Group 1 (cryosurgery) and Group 2 All patients in Group 1 were successfully operated on. There were no cases of rectal injury, infection, perineum haematoma or urethra-rectal fistula. 3 (13.0%) patients encountered stress incontinence, 2 (8.7%) patients recovered three months later, and 1 (4.3%) patient recovered 12 months later. The average operation time was 90.5 ± 20.2 minutes. All the patients (including three patients with preoperative urinary retention) were able to urinate when their catheter was removed 2-3 weeks postoperatively.
The disease progression and survival data of the two treatment groups is presented in Table II 
DISCUSSION
To our knowledge, this is the first study to assess the feasibility of cryosurgery in patients with bmPCa. Our study demonstrated that local treatment with cryosurgery benefits patients with bmPCa, in terms of the PSA nadir level，time to PSA nadir, time to CRPC and PFS. However, due to our study's small sample size and short follow-up period, we are still unclear about the long-term outcomes of cryosurgery in patients with bmPCa. Thus, our approach can only serve as an option for individual cases, especially for those who are not suitable candidates for standard local therapy with RP or radiotherapy. A total of 23 patients successfully underwent cryosurgery without complications such as urethral or rectal injury, infection, perineum haematoma and urethra-rectal fistula, which suggests that cryosurgery for bmPCa may not increase surgery-related complications in well-selected patients. Tay et al queried the Cryo OnLine Data (COLD) registry for all patients with high-grade (Gleason score ≥ 8), localised (cT1-2) prostate cancer undergoing primary whole-gland cryotherapy, and included 300 men in their analysis. (12) The incidence of incontinence at 12 months, potency at 12 months, urinary retention and rectourethral fistula was 9.5%, 16.5%, 9.7% and 1.3% respectively. (12) Our outcomes were better than those of the COLD registry, and this might be attributed to our strict patient selection process.
Identifying optimal candidates for cryosurgery in clinical practice primarily depends on the clinical stage and prostate volume of the patients. Firstly, in our study, the clinical T stage of the patients who received cryosurgery was ≤ cT3b. A local lesion of mPCa that invades the prostate capsula (even the glandula seminalis) and the surrounding tissues (such as the rectum)
is challenging to treat. In three of our Group 1 patients with glandula seminalis invasion, the PSA level did not drop below 0.2 ng/mL, possibly because the tumour outside the prostate capsula was not thoroughly cleared. Although neoadjuvant ADT was strongly recommended for these three patients before cryosurgery, they declined. Previous studies (13) (14) (15) have indicated that prostate cancer patients with bulk tumours outside the prostate capsula are not suitable candidates for cryosurgery and that those with small tumours outside the prostate capsula could be treated with cryoablation combined with neoadjuvant ADT, which could downgrade the clinical T stage. Secondly, in order to ensure that the cryosurgical ice ball could cover the whole prostate gland, the prostate volume of patients should be relatively small; the mean prostate volume of our patients in Group 1 was 37.95 (range 25-50) ml. If the prostate volume is too large, neoadjuvant ADT is recommended. The European Association of Urology guidelines on prostate cancer (16) recommends that patients with organ-confined PCa who are potential candidates for cryosurgery should have a prostate volume of less than 40 mL. In addition, it recommended that a glandular volume greater than 40 mL should be hormonally downsized to avoid any technical difficulty in placing cryoprobes under the pubic arch. (16) In a recent study on cryosurgery for localised prostate cancer, neoadjuvant hormonal therapy was administered to men with larger prostates, likely as a technical consideration for downsizing before cryosurgery. (12) Our study showed that cryosurgery decreased PSA nadir level, reduced time to PSA nadir, delayed time to CRPC and improved PFS. Due to our short follow-up period and small sample size, only a few of our patients died within the follow-up period and, hence, overall survival (OS) and cancer-specific survival could not be analysed. Based on the Southwest Oncology Group Trial 9346, patients with PSA nadir < 0.2 ng/mL after seven months of treatment were reported to have the best survival (median 75 months), as compared to those with PSA nadir of 0.2-4.0 ng/mL (median 44 months) or PSA nadir > 4.0 ng/mL (median 13 months). (17) In other words, lower PSA nadir level meant better survival. In our study, the PSA nadir level was lower in patients who received cryosurgery than those in the control group; this suggests that patients receiving cryosurgery and adjuvant ADT might have better OS and cancer-specific survival. We found no significant difference in the therapy response of bone metastases between the two groups at 12 months after treatment, which suggests that local treatment of primary tumour by cryosurgery has no effect on bone metastases. (18) performed a systematic review and a network meta-analysis to compare the outcomes of cryosurgery vs. RP and EBRT for localised prostate cancer, in which they found conflicting evidence relating to cancer-specific outcomes in the short-term. (18) The only finding that reached statistical significance in this study was the one-year disease-free survival, which was worse for cryotherapy than either EBRT or RP; none of the other cancer-specific outcomes showed any significant differences. (18) No data is currently available on the outcomes of cryosurgery for mPCa, as compared with RP or EBRT. Our study demonstrated that patients with mPCa benefit from local treatment by cryosurgery, as well as RP or radiation therapy. Usually, cryosurgery is performed under general or intraspinal anaesthesia. (3, 19) However, patients in our study received only local infiltration anaesthesia with lidocaine. Pethidine 75-100 mg and phenergan 25 mg were injected intramuscularly half an hour before surgery. Cryosurgery performed under local infiltration anaesthesia might reduce the adverse effects of anaesthesia and improve the tolerance of patients, as well as reduce the cost of anaesthesia. In terms of treating diseases, minimally invasive treatment has become key to reducing perioperative complications. (20) Thus, cryosurgery is safer and more liable to be tolerated, as it is minimally invasive (resulting in less blood loss) and performed under local infiltration anaesthesia. (3, (20) (21) (22) Cryosurgery seems to have similar short-term results with respect to biochemical control, as compared with other methods. (23) Moreover, patients have been reported to experience a higher quality of life postoperatively. (24) In future, cryosurgery may become an alternative treatment for mPCa, especially in patients who are not suitable candidates for standard local therapy with RP or radiotherapy.
Among the control patients who received only ADT, 2 (8.7%) died of acute heart attack and 1 (4.3%) of stroke. Although we could not confirm whether the deaths were related to the ADT treatment, it had been suggested that ADT could increase the risk of stroke and acute heart attack. In a systematic review with direct and network meta-analyses of randomised controlled trials and observational studies, Scailteux et al found an increased risk of myocardial infarction and stroke with luteinising hormone-releasing hormone agonist versus no endocrine treatment. (25) The study showed that antiandrogen resulted in a 30% lower risk for myocardial infarction than gonadotrophin-releasing hormone agonists (relative risk 0.70; 95% confidence interval 0.54-0.91), and combined androgen blockade was associated with a 10% higher risk for stroke than antiandrogen (relative risk 1.10; 95% confidence interval 1.02-1.19). (25) Moreover, the South European Uroncological Group's randomised phase 3 study showed that those on continuous ADT were more likely to die from cardiovascular diseases or other causes than from intermittent ADT. (26) The present study is not without limitations. Firstly, our study was a retrospective analysis of past data, and thus future prospective randomised controlled trials are needed to validate our findings. Secondly, due to the small sample size and the short-term follow-up, we
were not able to ascertain the long-term outcomes of cryosurgery.
In conclusion, cryosurgery is a feasible local therapy for bmPCa patients with prostate volume less than 50 mL and no bulk tumours outside the prostate capsula. Cryosurgery may decrease PSA nadir level，reduce local complications and time to PSA nadir, delay time to CRPC and improve PFS. 
